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[57] ABSTRACT

The acoustical energy output of a source is varied in
frequency between limits to sweep a frequency band
encompassing cavity resonance conditions which de-
pend on the quantity of a fluent material within a tank

‘excited by such acoustical energy. The volume of the

fluent matertal is calculated from the excitation fre-
quency registered during verified detection of reso-
nance conditions, based on abrupt changes in signal
characteristics and stored data relating to the geometry
of the acoustic sensor arrangement through which the
tank interior is monitored. |

18 Claims, 3 Drawing Sheets

42

RESONANCE
DETECTOR

il LI oAl

DATA

PROCESSING |—-

— " STORAGE
__-J

[ AN

cLock | | Low FrEQ.
- I SIGNAL GEN.

-

READOUT




US. Patent  Mar. 14, 1989 Sheet 1 of 3 4,811,595
F1G. |

20

28

o

MONITORING
SYSTEM

10,

N\

PN N i L

26
O

AWM. WA A VAN A AN

W A A0 SE B A A S A AT

24 =

T

| R ——
. A s
"—-"ﬂ‘-f_u

h“"‘“““““““‘.‘“‘i

|14
12
22.
20 LN\
\ \
\ :
\
FIG.IA
- IO
22
ACOUSTIC .
EXCITATION ' o
SOURCE FI G 2
6 42
10 ACOUSTIC RESONANCE
—» RESPONSE S TECTOR
RESONATOR '

CAVITY

DATA

PROCESSING
STORAGE

LOW FREQ.
SIGNAL GEN,

CLOCK




US.

Y o
| CONWV.

F1G.2A

Patent

FIG. 4A

F1G.5

AMPL. (A}

PHASE O

SWITCHING

CyCLiC

MODE CONTROL

Mar. 14,1989  Sheet 2 of 3 4,811,595

. 9<
18 104
—l

AIR SPACE VOLUME &
o=

RESONANT FREQUENCY(fa)

52
60 . CAVITY RESONANCE

- 58 )

94

FREQUENCY
(f)

48
TRANSOUCER
r———————tteemntmstmt et et
42"
50 -
RESONANCE
CAVITY |
46

_ DATA
PROCESSOR



U.S. Patent  Mar. 14, 1989 Sheet 3 of 3 4,811,595

FREQ. .
SWEEP F1G. 6
CONTROL
130
VARIABLE
EXCITATION

128 -~ SOURCE

RESONANCE
DETECTOR

136

INCREMENT
VOLUME
CONTROL

RESONANCE | '
VERIFICATION }~— ' —
SECTION -

o6 |

O\ _r

—

40

38 =5

[ e i) SENSOR

PROCESSOR

44 .

NI
" TN FLOW RATE
PROCESSOR

FIG. 4B B _ = 92

40 _ 26 I

42




4,811,595

1

SYSTEM FOR MONITORING FLUENT
MATERIAL WITHIN A CONTAINER

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to the monitoring of fluent
materials such as liquids within a tank in order to deter-
mine the liquid volume, level or flow rate to or from the
tank.

The prior art is replete with methods and systems for
determining the quantity of liquid or liquid like materi-
als 1n a tank on a continuous, intermittent or occasional
basis. Most common amongst such prior art monitoring
systems, are apparatus for determining liquid level in a
tank utilizing, for example, a surface level float, an echo
ranging device through which signals are reflected
from the surface of the liquid being monitored and elec-
tromechanical sensors. In addition to acoustical types of
devices utilized for monitoring liquid quantity within a
tank, electrical devices have also been devised such as
those based on the measurement of electrical capaci-
tance.

One serious problem associated with prior liquid
quantity monitoring systems arises from changes in the
orientation of the liquid enclosing tank or its mounting
on a moving vehicle subjecting it to acceleration forces.
In an attempt to cope with such problems, acoustical
devices utilizing the Helmholtz resonator principle
have been proposed, as disclosed for example in U.S.
Pat. Nos. 2,666,326, 3,075,382 and 3,324,716. Generally,
the acoustical devices based on the Helmholtz resonator
principle involve a tank configuration in which a main
cavity is formed within which a liquid body is retained
below an air space in communication with a restricted
throat passage through which acoustical exciting en-
ergy is transmtted from an acoustical source and
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reliance on volume adjusting or standard resonator
comparison techniques.

A further object in accordance with the foregoing
objects is t0 provide a monitoring system not effected
by motion of the tank enclosing the fluent material
being monitored and not limited by any particular tank
geometry or tank orientation.

SUMMARY OF THE INVENTION

In accordance with the present invention, the con-
tents of a container or tank is monitored by imparting
acoustical energy to its interior at a frequency that is
varied or sweeps through a frequency band encompass-
ing the frequencies at which cavity resonance occurs in
dependence on the quantity of the fluent material in the
tank. Accordingly, the frequency band includes a lower
frequency limit corresponding to that of an empty tank
and an upper limit corresponding to that of a full tank.
The source of acoustical energy is generated externally
of the container and may be in the form of a loudspeaker
or transducer. In certain installations the source may be
of installational or environmental origin such as vehicle
vibration, aerodynamic noise, etc. Acoustically gener-
ated disturbances or vibrations imparted to the air mass
in communication with the air space inside of the con-
tainer is sensed through an acoustical receiver or trans-
ducer from which an input is transmitted to the moni-
toring system in response to excitation of the interior of
the tank by the source of acoustical energy. In one
embodiment of the invention, the monitoring system
controls cyclic variation of the excitation frequency of
the acoustical energy source between limits establishing
the aforementioned frequency band.

The signal output of the acoustical receiver or sensor
in accordance with the present invention is fed to a
resonance detector of the monitoring system driven by

- a dniver circuit under control of a data processor in

through which the resulting vibrations are sensed. The

geometry of such a resonator configuration determines
a cavity resonance frequency for the exciting acoustical
energy at which resonance occurs as detected by a
microphone mounted in the throat passage as explained
for example in Roberts U.S. Pat. No. 3,324,716 afore-
mentioned.

The use of the Helmholtz resonator principle in ac-
cordance with the prior art exemplified by the afore-
mentioned prior U.S. patents, requires a comparison
between the sensor outputs of a standard resonator
container excited at its known resonance frequency and
a container enclosing an unknown quantity of liquid in
order to determine the liquid volume. According to the
aforementioned Roberts patent, adjustment of the tank
volume 1s effected until the standard Helmhoitz resona-
tor dimenston is achieved. Such applications of the
Helmholtz resonator principle render the prior art lig-

uid volume monitoring systems relatively limited with

respect to installation and application and often inaccu-
rate.

It 1s therefore an important object of the present
invention to provide a volume monitoring system for
fluent materials utilizing the Helmholtz resonator prin-
ciple in a unique and improved manner avoiding the
drawbacks and limitations associated with the afore-
mentioned prior art arrangements.

Another object of the present invention in accor-
dance with the foregoing object is to provide an acous-
tic system for determining the quantity of fluent mate-
rial within containers in an accurate manner without
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order to recognize or detect the occurrence of reso-
nance conditions within the tank being monitored as the
excitation frequency of the acoustical source sweeps
through the aforementioned frequency band. Upon
detection of such resonance condition, the correspond-
Ing excitation frequency is registered within the data
processor and based upon such registered resonance
frequency, the corresponding volume of fluent material
being monitored within the tank is calculated, utilizing
data stored within the data processor. Such data from
which the fluent material volume is calculated is based
on the Helmholtz resonator principle pursuant to which
the resonance frequency is a function of the sensor
geometry and the fluent material volume. The calculat-
ing operation of the data processor may, if desired, be
extended so as to differentiate the calculated volume
with respect to time in order to obtain a readout of flow
rate. “

According to certain embodiments of the invention,
the aforementioned data from which the volume of
fluent material 1s calculated is permanently stored
within a microprocessor chip for a given type of con-
tainer installation, such as the fuel tank of an automotive
vehicle. The tank is first filled with liquid fuel and then
excited by the acoustical energy source at a frequency
that is varied until resonance is detected and registered
as resonance frequency for full tank volume. The liquid
fuel is then reduced incrementally and the resonance
adjustment of excitation frequency repeated for each
Increment until empty tank resonance is attained. The
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liquid fuel volume relationship to resonance frequency
so determined is between upper and lower limits
“burned into”’ the microprocessor chip in order to tailor
operation of the monitoring system to automotive vehi-
cle fuel tank installations for readout in terms of gallons
of fuel. A similar procedure may be utilized to perma-
nently store data corresponding to larger fuel tank in-
stallations, such as those in marine vessels, by incremen-
tal change in liquid volume between upper and lower
limits under control of a liquid control valve.

An important aspect of the present invention involves
the detection of resonance conditions in order to deter-
mine and register the corresponding excitation frequen-
cies from which the fluent material volume is calcu-
lated. It has been determined in accordance with the
present invention that recognition of resonance condi-
tions may be effected by the detection of an abrupt
change in the phase angle characteristic of the signal
output of the acoustic receiver or sensor. Further, in
order to verify recognition of resonance conditions by
such method, at least one other signal characteristic is
measured from the output of the acoustic receiver. One
such signal characteristic is amplitude. The measure-
ment of maximum or peak amplitude of the acoustic
receiver output during the variation of excitation fre-
quency occurs within a relatively short interval during
which resonance conditions occur as detected from the
abrupt change in phase angle. Alternatively, the inter-
val within which acoustical impedance is at a minimum
may be determined in order to verify resonance condi-
tions. As a result of the foregoing methods of recogniz-
ing resonance conditions, errors resulting from spurious
conditions may be avoided in order to provide a very
accurate readout.

In accordance with another embodiment of the in-
vention, the acoustical receiver or sensor is protected
against excessive vibrations induced unintentionally, by
mounting of the sensor and the speaker on an auxiliary
cavity portion forming part of the tank configuration,
such auxiliary cavity portion being connected by a
throat passage to the main portion of the tank with an
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FIG. 4A is a circuit diagram showing in greater detail
the resonance verification section, diagramatically
shown in FIG. 4, in accordance with one embodiment
of the invention. o

FIG. 4B is a block diagram showing a modification of
the circuit arrangement of FIG. 4.

FIG. § 1s a graphical illustration of two of the signal
characteristics associated with the acoustic receiver or
sensor forming part of the system shown in FIG. 2.

FIG. 6 is a block diagram illustrating a method of
obtaining and storing volume calculating data for the

monitoring system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring now to the drawings in detail, FIG. 1 illus-
trates schematically a typical container in the form of a
sealed tank 10 enclosing a fixed volume within which a
fluent material is confined in the form of a body of
liquid 12. The volume (V,) of the liquid body 12 may be
varied by either inflow or outflow of liquid through
conduit 14. A body of air or other gas 16 fills the tank
space above the body of liquid. The tank includes an
upwardly projecting neck portion 18 within which a
throat passage 20 ts formed. The foregoing tank config-
uration acts as a Helmholtz cavity resonator (as ex-
plained in Roberts U.S. Pat. No. 3,324,716 aforemen-
tioned) when its interior is acoustically excited by a

~ source of acoustical energy at a resonance frequency

30
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1solation membrane mounted within the throat passage.

These together with other objects and advantages
which will become subsequently apparent reside in the
details of construction and operation as more fully here-
inafter described and claimed, reference being had to
the accompanying drawings forming a part hereof,
wherein like numerals refer to like parts throughout.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration showing a typical
installation embodying one embodiment of the present
invention.

FIG. 1A is a partial schematic illustration showing a
modification of the installation shown in FIG. 1.

FIG. 2 is a functional block diagram illustrating the
monitoring system in greater detail in accordance with
one embodiment of the invention.

FIG. 2A is a simplified functional block diagram
illustrating a modification of the monitoring system
shown in FIG. 2.

FIG. 3 is a graphical illustration of an acoustical
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signal characteristic relied on for operation of the moni-

toring system.

FIG. 4 is a circuit diagram illustrating in greater
detail the driver and resonance detector components of
the system shown in FIG. 2.

65

which depends on the masses of the liquid body 12 and
air 16. In the embodiment illustrated in FIG. 1, the
acoustical energy source is in the form of an acoustical
transducer, or speaker 22 mounted on the upper end of
neck portion 18.

The excitation frequency of the acoustical energy
output of speaker 22 may be under control of a monitor-
ing system 24 as shown in FIG. 1 to which an input is
applied from an acoustical vibration sensor in the form
of an acoustic receiver, transducer or microphone 26
mounted on the neck portion 18 adjacent its lower end.
In accordance with the present invention, the output of
speaker 22 is varied in its excitation frequency within a
frequency band encompassing resonance frequencies
(fp) that reflect the volume (V) of the liquid 12 being
monitored by system 24 to provide a readout through
any suitable display or meter 28. Although the source of
exciting energy is shown in FIG. 1 as the system driven
speaker 22 it should be realized that other external
sources of exciting energy operating within the requi- -
site frequency band could be utilized, including sources
of environmental or installational origin, such as road
noise, vehicle vibration, propulsion system noise, aero-
dynamic noise, or any combination of the foregoing.

It has been established that the resonance frequency
(fy) of the exciting energy in the Helmholtz type resona-
tor configuration of FIG. 1 1s a function of the air space
volume (Va) as shown by curve 30 in FIG. 3. Accord-
ingly, the resonance frequency (f,) is also a function of
the liquid volume (V,) since (V,)+(Va)=(Vc), where
(V) is the fixed volume of tank 10. Thus, the excitation
frequency of the speaker output when cyclically swept
through its frequency band will periodically produce
resonance conditions, that are recognized by the moni-
toring system 24 through the sensor 26 to register the
excitation frequencies of the speaker 22 corresponding
thereto. From the data stored in the system 24, the
liquid volume (V,) is calculated from the registered
frequency for readout through meter 28. By differenti-
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ating the liquid volume being calculated with respect to
time, the system 24 may also provide a liquid flow rate
readout. | |
FIG. 2 schematically outlines the monitoring system
24 in accordance with one embodiment of the invention
in which operation of speaker source 22 is controlled by
a cyclic frequency sweeps driver 32, establishing the
excitation frequency band between a lower resonance
frequency limit corresponding to an empty tank 10 and
an upper resonance frequency limit corresponding to a
full tank. The driver 32 receives a time factor input from
a low frequency signal generator 34 controiled by a
system clock 36 through a signal converter 38. The

signal converter 38 also applies an output to a driver

circuit 40 through which a resonance detector 42 is
operated to recognize the establishment of resonance
conditions within tank 10 from the output of sensor 26.
The output of detector 42 is applied to a data processing
storage section 44 to which the output of signal genera-
tor 34 is also applied in order to register the excitation
frequency at which resonance occurs to perform a lig-
uid volume calculation and provide a readout to meter
28. The components 28, 36, 38 and 44 may form part of,
or their functions may be performed by, a data proces-
sor 46.

In regard to the excitation source 22 and sensor 26, it
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should be understood that a wide variation of devices -

may be utilized depending on the frequency band of
interest, cost, power requirements, environmental resis-
tance, service life and other installational requirements.
For example, with respect to excitation source 22 vari-
ous loudspeaker devices of the electromagnetic, elec-
trodynamic, piezo-electric, radiation, horn, air-
modulated, mechanical or hydraulic activated, electric
and electrostatic types may be utilized. As to the sensor
or acoustic receiver 26, crystal, piezo-electric, ribbon,
carbon, ceramic, condenser, electret, moving coil and
hot wire types could be used to detect acoustical dis-
turbances.

30

35

It will be apparent that a critical aspect of the present 40

invention resides in the recognition of resonance condi-
tions from the sensing of acoustical disturbances by
sensor 26 in response to excitation of the tank by the
acoustical energy source 22. Such recognition of reso-

nance 1s achieved by detector 42 from measurement of 45

at least one of the characteristics of the acoustical dis-
turbances sensed by the sensor 26, as graphically de-
picted for example in FIG. 5. Curve 52 in FIG. 5is a
typical plot of phase angle (¢) as one measured signal
characteristic of the acoustical disturbance sensed, ver-
sus excitation frequency (f). As shown in FIG. 5, an
abrupt change in the phase angle ($) occurs when the
excitation frequency is of a cavity resonance value (f,)

denoted by the intersection of resonance line 54 with

the frequency abscissa 56. By detection of such abrupt
change in phase angle of a signal derived from the sen-
sor 26, detector 42 is effective to recognize establish-
ment of resonance and identify the frequency (f,) at
which such resonance occurs.

As also shown in FIG. 5§, the amplitude characteristic

50

53

(A) of the acoustical disturbance sensed by sensor 26 is

plotted as curve 58. Such amplitude curve 58 has a

maximal peak or magnitude limit at 60 which occurs

within a short interval during which resonance occurs
to verify the recognition of resonance by the aforesaid
detection of the abrupt change in the phase characteris-
tic (¢) in accordance with certain embodiments of the

65

invention. As an alternative, the acoustical impedance

6
characteristics could be determined from the sensor
output and its minimum limits detected to venfy reso-
nance, since acoustical impedance is at a minimum
under resonance conditions.

FIG. 4 illustrates the detector 42 of a single sensor
system In greater detail according to one embodiment,
wherein the output of sensor 26 is fed through a signal
coupling capacitor 64 and resistor 66 to an exclusive OR
gate 68. The output of OR gate 68 is fed to one input of
OR gate 70, while its other input is coupled by OR gate
62 and series connected resistor 72 and capacitor 74 to
the output of a voltage driven amplifier 76 of the driver
circuit 40 having a feedback resistor 77. Amplifier 76
receives its analog input from an 8-bit digital to analog
type of signal converter 38 associated with the data
processor 46 to which a feedback signal is fed from the
detector 42 through line 78 from the output of its com-
parator 80. One input to comparator 80 is coupled by
resistor 82 to the output of the OR gate 70 while the
other input is coupled by resistor 84 to a reference volt-
age source. The output of the voltage driven amplifier
76 1s fed to OR gate 62 through capacitor 74 and resistor
72 of the detector 42 and by resistor 90 to the input of
the amplifier of an acoustic driver 88 having a feedback
resistor 86 and an output coupled by resistor 87 to the
sensor output. Thus, the driver amplifier 76 is operative
In response to its input from the data processor 46
through converter 38 to render comparator 80 opera-
tive simultaneously with the acoustical exciting speaker
22 under control of the data processor. The configura-
tion described involving OR gates 68, 70 and 62 will
supply an input to0 comparator 80 through resistor 82
that is a function of the phase angle (¢) characterizing
the acoustical input from the sensor 26, while the output
of the comparator 80 in line 78 signals the phase change
corresponding to resonance as depicted by curve 52 in
FIG. 5. Such output in line 78 is fed to the data process-
ing storage component 44 associated with data proces-
sor 46 in order to register the resonance frequency (f;)
at which resonance detection occurs and to calculate
the corresponding liquid volume (V,) and/or flow rate.

Verification of resonance is achieved as aforemen-
tioned by limiting the detection of an abrupt change in
phase angle through detector 42 to the approximate |
occurrence of maximum amplitude or minimum impe-
dance through a verification section 96 interconnected

between the sensor 26 and the signal converter 38 as
shown in FIG. 4. FIG. 4A shows one embodiment of

the verification section 96 in detail based on measure-
ment of signal amplitude. The output of sensor 26 is
applied to a capacitor 98 of section 96 maintained above
a lower potential through resistor 100 to apply inputs in
parallel through resistors 102 and 104 to amplifiers 106
and 106. The positive going output of amplifier 108 is
fed through diode 110 to the junction 112 from which
an output voltage is applied through feedback resistor
114 to the input of amplifier 106 and through resistor
116 to the input of amplifier 108. The amplifier 108 has
a feedback resistor 118 so as to provide an output pro-
portional to a peak amplitude signal applied to its input
as a result of the circuit configuration described.

In a two-sensor system as shown in FIG. 4B, the
driver 88 is coupled to a second sensor 26’ rather than
the sensor 26. The components shown in FIG. 4B other-
wise form the same arrangement as shown in FIG. 4.

Although FIG. 1 illustrates one particular mounting
arrangement for the speaker 22 and sensor 26, other
mounting locations for the speaker and sensor are possi-
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ble. FIG. 1A shows the speaker 22 and sensor 26
mounted on an auxiliary cavity portion 120 of a modi-
fied tank configuration 10’ in which the main portion of
the tank enclosing the liquid body 12 is connected to the
auxiliary cavity portion by a neck portion 18'. A mem-
brane 122 within the neck portion separates the auxil-
iary cavity portion from the body of air in the main
portion of the tank to isolate it from spurious opera-
tional modes of vibration induced and thereby protects
the sensor 26 against excessive vibrations. In the case of
the FIG. 1A configuration, two series related Helm-
holtz resonators are established. The two resonators
when so combined react one n the other forming a
coupled system with two degrees of freedom. Reso-
nance conditions are detected as hereinbefore described
with respect to FIGS. 1-5. A marked increase in resona-
tor sensitivity can be realized with the dual resonator
system of this type when properly tuned.

In accordance with another embodiment of the in-
vention shown in FIG. 2A, a data processor 46’ func-
tionally similar to data processor 46 may control opera-
tion of a dual mode type of transducer 48 through a
cyclic switching mode control component 50 associated
therewith. The transducer 48 replaces both the separate
speaker 22 and sensor 26 by alternately operating in a
transmit mode to excite the resonator cavity of tank 10
and in a receive mode to sense the acoustical vibrations
emitted from the tank in response to excitation and
thereby enable detector 42’ to recognize resonance
conditions at excitation frequencies reflecting the liquud
volume in tank 10.

The fluent material hereinbefore referred to as liquid
12 may also include viscous materials and particulate
solids as well as mixtures thereof having a measurable
flow type characteristic forming an interface with the
air or other gaseous material filling the rest of the tank
space. Static tanks as well as tanks mounted in moving
vehicles may be monitored.

The volume calculating data in the storage section 44
as hereinbefore described with respect to FIGS. 2 and 4,
may be obtained and permanently stored therein by
means of microprocessor memory chip as depicted in
FIG. 6. A test . tank 126 characteristic of a particular
type of container installation, such as the fuel tank of an
automotive vehicle, is imtially filled with the liqud to
be monitored in order to establish an upper volume
limit. The tank interior is then excited by acoustical
energy from a source 128 corresponding to that of the
monitoring system 24, with its frequency being varied
by a frequency sweep control 130 until resonance is
detected by detector 132. The output of detector 132 as
well as frequency signals from frequency sweep control
130 are fed to a data entry component 134 through
which the memory 124 receives and stores the data
relating to upper liquid volume limit for test tank 126
and the excitation frequency at which resonance oc-
curs. The quantity of liquid in tank 126 is then reduced
in increments under control of signal output from con-
trol component 136. For each volumetric increment,

the tank is again excited by source 128 under control of 60

frequency sweep control 130 until resonance is detected
by detector 132. Data is thereby collected and stored in
memory 124 to incrementally establish in the memory
chip liquid volume as a function of resonance frequency
between the upper volume Iimit and a lower volume
limit corresponding to an empty tank. The memory chip
may then be plugged into the data processor to tailor
the system to the desired installation. Data from installa-
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8

tions other than automotive vehicles may be similarly
obtained, including larger fuel tanks for marine vessels
from which liquid fuel is incrementally withdrawn
through an appropriate valve mechanism to program
the microprocessor memory chip.

The foregoing is considered as illustrative only of the
principles of the invention. Further, since numerous
modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention
to the exact construction and operation shown and
described, and accordingly all suitable modifications
and equivalents may be resorted to, falling within the
scope of the invention.

What is claimed is:

1. In a method of monitoring an unknown volume of
a fluent material within a container by directing acousti-
cal energy at an excitation frequency into the container
and sensing acoustical vibrations emitted therefrom
having phase and amplitude characteristics, the im-
provement comprising the steps of: varying the excita-
tion frequency to sweep a frequency band between
limits respectively corresponding to cavity resonance
conditions of the container when full and empty: mea-
suring at least one of the characteristics of the acoustical
vibrations during said variation in the excitation fre-
quency; detecting abrupt changes in said one of the
measured characteristics of the acoustical vibrations;
registering the excitation frequency during said detec-
tion of the abrupt changes in the measured characteris-
tic; and calculating the unknown volume of the fluent
material from said registered excitation frequency cor-
responding to cavity resonance conditions of the con-
tainer between said limits of the frequency band.

2. In the method of claim 1 wherein the container
includes a resonator cavity within which the fluent
material is confined and a throat passage through which
the acoustical energy enters into the cavity.

3. The method of claim 1 wherein said one of the
measured characteristics is phase angle.

4. The method of claim 1 wherein said one of the
measured characteristics is amplitude and the abrupt
changes detected are maxima peaks.

5. The method of claim 1 including the steps of: mea-
suring another of the characteristics of the sensed vibra-
tions during said variation in the excitation frequency;
and detecting the maximum value of said other of the
characteristics, said frequency registering step being
limited to an interval during which detection of the
maximum value of said other of the characteristics is
detected.

6. The method of claim 1 including the steps of: dif-
ferentiating the calculated volume of the fluent material
with respect to time to determine flow rate of the fluent
material with respect to the container.

7. A system for monitoring the quantity of a fluent
material within a container, including a source of acous-
tical energy externally of the container, means for di-
recting the acoustical energy from said source into the
container, said acoustical energy varying in excitation
frequency between frequency limits respectively estab-
lished under cavity resonance conditions in the con-
tainer when empty and full of the fluent material, means
operatively mounted on the container for sensing acous-
tical vibrations emitted therefrom during said variation
of the excitation frequency, means operatively con-
nected to the sensing means for detecting abrupt
changes in at least one of the signal characteristics of the
sensed acoustical vibrations, data storage means con-



nected to the detecting means for registering the excita-
tion frequency of the acoustical energy during said
detection of the abrupt changes corresponding to cavity
resonance conditions in the container and data process-
ing means connected to the storage means for calculat-
ing volume of said fluent material as a function of the
registered excitation frequency and said frequency lim-
its.
8. The combination of claim 7 wherein the signal
characteristic of the sensed acoustical vibration is phase
angle. |

9. The combination of claim 8 including additional
means for detecting an abrupt change in another of the
signal characteristics of the sensed acoustical vibrations
and means for rendering the detecting means operative
to register the excitation frequency within an interval
during which said detection by the additional detecting

means OCCurs. -
10. The combination of claim 7 wherein said con-

tainer includes a resonator cavity within which the

fluent material is confined and a throat passage portion
through which the acoustical energy is directed into the
cavity at the excitation frequency, and auxiliary cavity
means connected in spaced relation to the resonator
cavity by the throat passage portion for mounting the
source of acoustical energy and the sensing means.

11. The improvement as defined in claim 7 wherein
said source of acoustical energy is a speaker device and
sweep control means connected to the data processing
means for driving the speaker device at the varying
excitation frequency.

12. The combination of claim 7 wherein said source
of acoustical energy is of environmental origin.

13. The combination of claim 7 wherein said source
of acoustical energy and the sensing means are formed
by a common transducer device alternatively operated
in transmit and receive operational modes and mode

control means operatively connected to the data pro-

cessing means for cyclically switching operation of the
transducer device between said operational modes
thereof.
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which said acoustical energy is directed for producing
acoustical vibrations at a resonance value of the excita-
tion frequency dependent on the quantity of the fluent
material therein and sensing means for producing sig-
nals in response to said acoustical vibrations, the im-
provement residing in said resonance cavity means in-
cluding separate interrelated chambers within which
the fluent material is retained and the sensing means is
located, respectively, means directing the acoustical
energy into at least one of the chambers without inter-
ference for inducing the acoustical vibrations at said
excitation frequency varying between limits respec-
tively established by resonance conditions within said
one of the chambers when empty and full of the fluent
material retained therein, resonance detecting means
connected to the sensing means for registering said
resonant value of the excitation frequency during an
abrupt change in characteristic of the signal produced
in response to the acoustical vibrations being sensed and
data processing means connected to the resonance de-
tecting means for calculating the quantity of the fluent
material as a function of the registered resonant value of
the excitation frequency and the established limits
thereof. |

15. The system as defined in claim 14 including reso-
nance verification means for detecting an abrupt change
in another characteristic of the signal produced by the
acoustical vibrations being sensed during said registra-
tion of the resonant value of the excitation frequency.

16. The system as defined in claim 15 wherein the
other of the chambers forms an unobstructed passage
between the acoustical energy source and said one of
the chambers within which the fluent material is re-
tained.

17. The system as defined in claim 14 wherein the
other of the chambers forms an unobstructed passage
between the acoustical energy source and said one of
the chambers within which the fluent material is re-
tained. | |

18. The system as defined in claim 14 wherein the
other of the chambers is a resonance cavity within
which the sensing means is located and passage means

interconnecting said chambers.
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